Introduction: Orthodontics aims to improve oral health-related quality of life (OHRQoL). In this systematic review, we examined the evidence for changes in OHRQoL after orthodontic treatment for patients treated before they were 18 years old. Methods: The participants were patients aged less than 18 years. The interventions were nonorthognathic and cleft orthodontic treatment. The comparisons were before and after orthodontic treatment, or nonorthodontic control. The outcomes were validated measures of OHRQoL. The study designs were randomized controlled trials, controlled clinical trials, prospective cohort studies, and cross-sectional or case-control studies. Multiple electronic databases were searched, with no language restrictions; authors were contacted, and reference lists screened. The Newcastle-Ottawa scale was used for quality assessments. Screening, data extraction, and quality assessments were performed by 2 investigators independently. Results: We found 1590 articles and included 13 studies (9 cohort, 3 cross sectional, and 1 case control), with 6 in the meta-analyses. All were judged of low or moderate quality. A moderate improvement in OHRQoL was observed before and after orthodontic treatment (n 5 243 participants; standardized mean difference, À0.75; 95% CI, À1.15 to À0.36) particularly in the dimensions of emotional well-being (n 5 213 participants; standardized mean difference, À0.61; 95% CI, À0.80 to À0.41) and social well-being (n 5 213 participants; standardized mean difference, À0.62; 95% CI, À0.82 to À0.43). Conclusions: Orthodontic treatment during childhood or adolescence leads to moderate improvements in the emotional and social well-being dimensions of OHRQoL, although the evidence is of low and moderate quality. More high quality, longitudinal, prospective studies are needed. (Am J Orthod Dentofacial Orthop 2017;151:644-55) 
T he impact of malocclusion on both patients and populations has been explored extensively. Many traditionally held beliefs regarding the dental health implications of malocclusion, such as an increase in caries, 1 periodontal disease, 2 or temporomandibular disorders, 3 are now considered ambiguous and are largely unsupported by the literature. However, it is now recognized that the impact of malocclusion on health must be explored beyond the mere influence that it may have on dental health. 4 The World Health Organisation describes health as a "state of complete physical, mental and social well-being and not merely the absence of disease or infirmity." 5 It is therefore unsurprising that over the past decade the use of patientreported outcomes measures, including measures of oral health-related quality of life (OHRQoL), have been recognized as crucial in identifying the functional, emotional, and social impacts of malocclusion. 6 As an outcome measure, a fundamental objective of OHRQoL is to provide a subjective evaluation of oralhealth status. As a reflection of this, a universally accepted definition of OHRQoL describes it as a measure that focuses on "the impact of oral diseases and disorders on everyday life that a patient or person values, that are of sufficient magnitude, in terms of frequency, severity or duration to affect their experience and perceptions of their life overall." significant impact on functional limitations and oral symptoms. 9 The dimensions of emotional and social well-being have been found to be significantly influenced. 9 Not only has the impact of malocclusion been explored, but recently published literature has also sought to establish the effect of wearing orthodontic appliances on OHRQoL. 10 To date, studies have determined that such appliances have a negative impact, particularly on the oral symptoms and functional limitations dimensions. Perhaps these results are unsurprising; one would expect most forms of dental intervention to have a negative impact on OHRQoL during treatment. Moreover, it is logical to assume that it is the subsequent improvement in at least 1 dimension after treatment that drives people to seek and undergo such care.
To date, there is evidence to suggest that malocclusion and subsequent treatment with orthodontic appliances have a negative impact on OHRQoL. 10 It is only appropriate now to question whether completion of orthodontic treatment to correct a malocclusion will lead to an improvement in this multidimensional concept. Identifying whether orthodontic treatment has such a benefit is crucial if we are to safeguard against interventions that have little value and to prevent the wastage of limited health care resources in countries where treatment is funded by the state. To date, this question has not been addressed in the context of a systematic review.
Our aim was to systematically review the current literature to identify changes in OHRQoL before and after orthodontic treatment in children and adolescents.
MATERIAL AND METHODS

Protocol registration, conflict of interest, and funding
The protocol for this systematic review was registered on the National Institute of Health Research Database (registration number CRD42014014825; http://www. crd.york.ac.uk/PROSPERO). The source of funding was a National Institute for Health Research Academic Clinical Fellowship for the first author.
Eligibility criteria
The following selection criteria were applied for the review. Any systematic and narrative reviews on the topic were assessed, and any studies referenced therein that met the inclusion criteria for this systematic review were included; however, the reviews themselves were not included. The reference lists of eligible studies were also screened for additional relevant research. In addition, authors who are known to have an interest in this field of research were contacted to identify unpublished or ongoing trials.
Assessments of studies for inclusion in the review were performed independently and in duplicate. One author (H.J.) assessed all studies, and the other 2 authors (M.V. and P.E.B.) each assessed half of the retrieved studies. The investigators were not blinded to the authors or the results of the research, and any disagreements were resolved by discussion with a third author who was not involved with the original screening of that particular study (M.V. or P.E.B. as appropriate).
Data items and collection
Data were extracted independently and in duplicate in a similar method to that used for assessment of studies for inclusion. Prepiloted data extraction forms were used; where available, the following information was recorded: (1) year of publication, country, and study setting; (2) study design; (3) participants: sample size, ages before and after orthodontic treatment, sex, severity of malocclusion treated; (4) intervention: type of orthodontic treatment provided; (5) type of control or comparison group; and (6) outcomes: OHRQoL measure (including individual dimensions, where available) and the OHRQoL informant.
Authors were contacted to clarify data if required for further information regarding the OHRQoL outcome measure or additional data on the OHRQoL outcome.
Quality assessment and risk of bias in individual studies
The quality of the eligible trials was assessed independently and in duplicate, and disagreements were resolved, using the same methods outlined for study selection and data extraction. If appropriate randomized controlled trials were identified for the review, we intended to use the Cochrane Collaboration's risk of bias tool to assess the risk and quality of these studies. 11 An appropriately modified version of the NewcastleOttawa scale was used to assess the quality of nonrandomized studies. 12 This included the scale designed for cohort and case-control studies, and an adapted version of the scale suitable for the assessment of cross-sectional studies. This tool evaluates studies based on 8 domains, which are divided into 3 broad criteria: patient selection, comparability of study groups, and outcome assessment. A star system was used, whereby high-quality studies at low risk of bias could receive a maximum of 9 stars. Studies achieving 8, 7, or 6 stars were considered to have moderate quality, and a rating of 5 stars or fewer signified low quality.
Summary measures and approach to statistical analysis
Studies were grouped based on their study designs (cohort, cross sectional, or case control). Clinical heterogeneity of the included studies was determined by assessing the study protocol and, in particular, the type of comparator used. Statistical heterogeneity was assessed using the I 2 test, and a threshold of less than 50% was assumed to demonstrate sufficient homogeneity. All studies that reported OHRQoL measures as scores (continuous outcomes) were combined to obtain the pooled mean values with 95% confidence intervals (95% CI), using the inverse variance method and the random effects model. Many instruments used to assess OHRQoL, including the Child Perception Questionnaire 11-14, are designed so that a higher score indicates a poorer level of OHRQoL. Based on this, a reduction in scores, demonstrated by a negative difference, was interpreted as an improvement in OHRQoL.
When studies used different scales or instruments for the assessment of OHRQoL, the standardized mean difference for each study was used in the meta-analysis. Standardized mean differences were interpreted using thresholds described by Cohen, 13 where 0.2 represents a small effect, 0.5 a moderate effect, and 0.8 a large effect. All analyses were carried out using RevMan (version 5.3.5; The Nordic Cochrane Centre, Copenhagen, Denmark), and a significance level of 5% was adopted for all analyses.
Risk of bias across studies
Publication bias could only be assessed when at least 10 studies were included in the meta-analysis. The 2 statistical measures that would be used for this purpose were the rank correlation of the Begg test and the Egger test. Figure 1 is a flow diagram showing the retrieval, screening, and selection of articles for the review. The search returned 1590 studies after removal of duplicates. Contact with authors for the retrieval of possible unpublished studies returned 1 more study for the review. All titles and abstracts were reviewed, and 32 potentially relevant articles were retrieved in full. After a detailed assessment, which included contact with relevant authors for further clarification regarding the validation of 1 OHRQoL outcome measure (OASIS), as well as the translation of 1 article from Dutch to English, 18 studies were excluded (see Appendix B for screening details of full-text articles), and 14 studies remained. Of these 14 reported trials, 2 were duplicate reports of the same study. 14, 15 For this systematic review, these 2 were included, assessed, and analyzed as 1 study. This resulted in a total of 14 articles (13 studies) appropriate for inclusion. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The Table summarizes the characteristics of the studies. No randomized controlled trials met the eligibility criteria. The study designs for the 13 studies were as follows: 8 studies were cohorts 1 study was a cohort but also included cross-sectional data, 3 studies were cross sectional, and 1 study was a case control.
RESULTS
One cohort study included 3 distinct groups of patients: 1 group with cleft lip and palate, another group receiving orthognathic surgical treatment, and a third group receiving orthodontic treatment alone. These subjects were aged 17 years or under at the start of treatment. 25 Since the third group provided data that met the inclusion criteria for this review, this study was deemed appropriate for inclusion.
The methodologic quality scores, derived from the Newcastle-Ottawa scale, are shown in Figure 2 (for full details of scores, see Appendix C). Overall, 7 studies were judged to be of low quality, 16, 18, 19, [23] [24] [25] 27 and 6 were considered to have moderate quality. 14, 15, 17, [20] [21] [22] 26 No study received the maximum of 9 stars, and none was assessed as having high quality. Eight studies achieved 2 or fewer stars for selection of the study groups; no study achieved the maximum of 4 stars for this domain. Most studies failed to justify their samples sizes; in less than half of the studies, selection of the control group (or nonrespondents for cross-sectional studies) was not deemed adequate. Only 3 studies achieved the maximum of 2 stars for comparability of the study groups. Four studies scored the maximum of 3 stars for ascertainment of the outcome of interest. The OHRQoL outcome measure used in 7 studies was the Child Perception Questionnaire 11-14, and the remaining studies used the Oral Health Impact Profile-14 (OHIP-14) or the Oral Impacts on Daily Performance (OIDP) instrument. Figure 3 is a forest plot showing the overall changes in OHRQoL before and after orthodontic treatment derived from 4 cohort studies, involving 243 participants. 20, [25] [26] [27] The pooled standardized mean difference in the reduction of the total OHRQoL scores before and after orthodontic treatment was À0.75 (95% CI, À1.15 to À0.36) (Fig 3) . This demonstrated a statistically significant improvement in OHRQoL and indicated a medium effect size; however, the data should be interpreted with caution, because significant heterogeneity between the studies was detected (I 2 5 75%). Two studies showed large effect sizes of À0.8327 and À1.49.25. These studies had similar designs, collecting data from a clinical sample of orthodontic patients before and after orthodontic treatment. Agou et al 20 also used a before and after longitudinal design in a clinical sample; however, the study by Benson et al 26 was a longitudinal study undertaken in 7 schools in the United Kingdom, rather than a clinical setting, and the participants with a history of orthodontic treatment were a relatively small proportion of the overall sample. Figure 4 is a forest plot of the data for the individual dimensions of OHRQoL, as measured using the Child Perception Questionnaire 11-14 based on 213 participants. The data from the study by Antoun et al 25 were excluded because OHRQoL was assessed using the Oral Health Impace Profile-14, with different domains than the Child Perception Questionnaire. The oral symptoms domain showed a statistically significant improvement before and after orthodontic treatment, but the effect size could be considered small (standardized mean difference, À0.32; 95% CI, À0.51 to À0.13). Improvements in both the emotional and social well-being domains were moderate, with standardized mean difference improvements of À0.61 (95% CI, À0.80 to À0.41) and À0.62 (95% CI, À0.82 to À0.43), respectively. There was no statistically significant change in the functional limitations domain before and after orthodontic treatment. Sensitivity analyses were carried out for the meta-analyses shown in Figures 3 and 4 . In the first meta-analysis the two studies found to be of low quality when pooling overall OHRQoL scores were excluded 25, 27 and in the second meta-analysis the one study that was of low quality when combining data based on dimensions of OHRQoL was excluded. 27 For change in overall OHRQoL, this resulted in a standardized mean difference improvement of À0.42 (95% CI, À0.69 to À0.16). Although this was less than that observed with the data from all 4 studies, the improvement was still classed as moderate. Similarly, the analyses of dimensional data showed moderate improvements in emotional well-being (standardized mean difference, À0.54; 95% CI, À0.85 to À0.22) and social well-being (standardized mean difference, À0.51; 95% CI, À0.78 to À0.24). The small improvement observed in oral symptoms, however, no longer had statistical significance (standardized mean difference, À0.22; 95% CI, À0.49 to 0.04). Figure 5 is a forest plot showing the pooling of data from 2 studies comparing OHRQoL levels in groups of nonorthodontic subjects and orthodontically treated subjects, based on 442 21 and 199 subjects, 18 respectively. This showed no statistically significant differences between the 2 groups (standardized mean difference, 0.04; 95% CI, À0.13 to 0.21).
DISCUSSION
As far as we are aware, this is the first systematic review and meta-analysis to assess the impact of orthodontic care on the OHRQoL of young people after treatment. On the basis of this systematic review, it appears that OHRQoL improves moderately after treatment, particularly in the dimensions of emotional and social well-being. It could be argued that such a finding is reassuring, since a malocclusion has been found to have a significant impact on these 2 dimensions. One would expect these to improve after treatment, and the results of this systematic review support this. Furthermore, the meta-analysis of cross-sectional data suggests that there is no significant difference in the OHRQoL of those who have undergone orthodontic treatment and that of nonorthodontic subjects. Because malocclusion has been shown to have a negative impact on OHRQoL, it could be argued that the improvement after orthodontic treatment causes levels in treated patients and nonorthodontic patients to be similar.
A systematic review published in 2014 sought to assess the impact of wearing orthodontic appliances on OHRQoL, as well as the changes observed after treatment. 10 The authors concluded that orthodontic treatment can moderately improve the OHRQoL of patients, although they were unable to conduct a meta-analysis. The results of our systematic review and meta-analyses support this finding, but the limited quality of evidence on which these conclusions are based must be considered.
Certain methodologic limitations associated with this systematic review must be considered when interpreting the results. First, it was expected that most, if not all, of the studies eligible for inclusion in the systematic review would be observational. Unfortunately, due to the specific methods used in randomized controlled trials, addressing many of our orthodontic-based research questions using such methodology often has ethical challenges, and the research question addressed here is no exception. Randomly assigning subjects to "orthodontic treatment" and "no treatment" groups and following them for long periods of time could be unethical. It is therefore unsurprising that we found no evidence, in the form of randomized controlled trials, to address the research question. The lack of randomized controlled trials clearly limited the strength of evidence on which to base the results and conclusions of the systematic review. The results of any systematic review or meta-analysis are only as good as the original studies they are based on.
Second, only 6 studies had moderate quality, and the remainder were considered to be of low quality. Although the Cochrane Collaboration provides a thorough and rigorous methodology for conducting systematic reviews of randomized controlled trials, this is less clearly defined for observational studies. We found cohort studies, cross-sectional studies, and a casecontrol study for inclusion, and assessing their quality proved difficult. Authors of a systematic review of tools used for the quality assessment of observational studies found that there is currently no agreed gold standard appraisal tool. 28 The Cochrane Collaboration discussed the application of the Newcastle-Ottawa scale that we used for assessing the quality of nonrandomized studies 12 and the concerns about the ability of the scale to identify studies with biased results. 29 The scale might also be considered unduly harsh on studies that include patients before and after treatment but have no untreated control. This is discussed later.
Third, the inclusion and exclusion criteria for this systematic review were designed so that there was no time limit on the posttreatment assessment of OHRQoL. This was done to ensure that all potentially relevant studies would be identified and included, since it was expected that few studies addressing the aim of the systematic review have been published. Unsurprisingly, this resulted in some studies that had measured OHRQoL at short periods of time after treatment, whereas others measured at longer times. This variation is an important factor that must be considered, since the impact of orthodontic treatment on OHRQoL may only be short term or may last longer.
Finally, and arguably the most significant limitation of this systematic review, the pooling of cohort data, comparing OHRQoL before and after orthodontic treatment was based entirely on the changes in the treated subjects under the age of 18 years. The age range was chosen to represent the time, under most health care systems, when many persons have nonsurgical orthodontic treatment. It could be argued that these changes were merely due to natural fluctuations in OHRQoL in these age groups. Some longitudinal studies have demonstrated an improvement in adolescent OHRQoL over time. 26, 30 Although 3 studies in the meta-analyses had recruited control groups to account for this, these included a waiting-list group, 20 a group of schoolchildren who had not undergone orthodontic treatment during the 3-year study period, 26 a cleft lip and palate group, and a group of subjects who had orthognathic surgery. 25 Unfortunately, the clinical heterogeneity of these groups made pooling of these data inappropriate. Furthermore, pooling of such data would require reporting not only mean changes in OHRQoL scores during the study period, but also standard deviations of the changes, and this information was available for only 1 study. An ideal control group for such studies would involve participants of a similar age with a malocclusion, but who are not yet undergoing orthodontic treatment (ie, a waiting-list control), because this would allow assessment of OHRQoL changes if treatment were not provided. The research is undertaken in areas where there is a waiting time for treatment. Participants who agree to take part are randomly allocated to start treatment straight away or remain on a waiting list. This approach has been used successfully in other areas of dentistry. 31 A control group was used in 1 study, which found that changes in OHRQoL scores in the control group did not reach statistical significance. This suggests that the improvement observed in the orthodontic treatment group was due to the treatment alone. 20 One challenge faced when conducting a metaanalysis of OHRQoL data is that studies used different measures of OHRQoL, which are based on different numbers of questions and scales. In this review, the data were combined and summarized using the standardized mean difference, which is 1 method of determining an effect size. The use of effect sizes has been advocated because, unlike inferential statistical analyses, such as P values, which supply information about the reliability of the result, an effect size provides an easily interpretable value concerning the size and direction of a treatment effect. 32 Another issue raised in the past is concern about the validity of instruments such as the Child Perception Questionnaire 11-14, the Oral Health Impact Profile, and the Oral Impacts on Daily Performance, when used in young people with malocclusions, 7, 33 as well as the responsiveness of these measures over time. 34, 35 Questionnaires developed for adults are not appropriate to use with young people, who might have different issues that are not addressed. It has also been suggested that a condition-specific measure of OHRQoL is required to ensure that any problems specific to malocclusion, however subtle, are detected. 33 Such an instrument would be ideal for use in any future trials of OHRQoL and orthodontic treatment, and may even detect the impact of treatment of various types and severities of malocclusion on OHRQoL. One such instrument has been devised, and the details of this malocclusion-specific instrument have recently been published. 36, 37 Clearly, the impact of orthodontic care on OHRQoL after treatment needs to be explored further using a high-quality research methodology. Such studies should be prospective, with appropriately selected and sized study and control groups, using malocclusion-specific and generic OHRQoL outcome measures. This will ensure that future studies are compatible for conducting metaanalyses that are meaningful and provide results that extend beyond statistical significance and establish whether changes are clinically significant and important to our patients.
The overriding purpose of this systematic review was to determine whether orthodontic treatment for young people led to improvements in OHRQoL. Unfortunately, we did not identify any high-quality studies and were therefore unable to generate conclusions with a high degree of certainty. However, the ability of this review to identify all studies addressing the subject, to assess their quality, and more importantly to use this information for providing a platform on which future research in this area can be conducted, cannot be refuted.
CONCLUSIONS
On the basis of this review, it is reasonable to conclude that there is some evidence, albeit of low and moderate quality, that orthodontic treatment during childhood or adolescence leads to moderate improvements in OHRQoL. This appears to be particularly true for the emotional and social well-being dimensions of OHRQoL. There is an urgent need for high-quality, prospective studies to explore this further and to determine whether the benefits in OHRQoL are short or long term, and whether specific types or severities of malocclusion are more likely to benefit than others.
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